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DISCUSSION

Amplified Ground Motion

Amplification of earthquake ground motion refers to the imcrease mn the mtensity of
ground shaking that can occur due to local geological conditions, such as the presence of soft
soils. Amplified ground motion 15 one of the most serious causes of earthquake damage.
Despite relatively modest ground shaking, the August 30, 1962, earthquake in Cache Valley e
(magnitude 5.7) caused nearly $1 mullion of damage (1962 dollars; Lander and Cloud, 1964). 1518
This map estunates the amplhified ground-motion hazard by: (1) showing the distribution of 1997
Uniform Building Code (UBC), soil-profile types (International Conference of Building Officials.,
1997), which correspond to site classes designated by the U.S. National Earthquake Hazards %
Reduction Program (NEHRP)(Building Seismuc Safety Council, 1997) and 2000 International 433000
Building Code (IBC){(International Code Council, 1997); (2) applying an example earthquake
ground motion (Frankel and others, 1996) to each soil-profile type: and (3) moddying the ground
motion with amp lification factors (site coetficients) determuned by NEHRP to calculate local
ground motions. These example ground motions for each mapped soil-profile type are shown in
table 1. For actual design ground motions refer to the 1997 UBC, or 2000 IBC 1if
adopted, for appropriate ground motions and site-ampldication factors. 1517
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This map was compiled by collecting relevant data from geotechmical boreholes,
supplementing these data with mformation from water wells and geologic maps, and integrating
data from the three sources mto a Geographic Information Systems (GIS) format using ArcView
GIS v3.2 (Environmental Systems Research Institute, Inc., 1999) and ArcView Spatial Analyst
v2.0a (Environmental Systems Research Institute, Inc., 2000) software. Soil-profile types are
defined by shear-wave velocity, indramed shear strength. or standard penetration test (SPT)
results m the upper 30 meters of soil or rock. In our four-quadrangle study area, shear-wave
velocity was measured m only two locations and undramed shear strength was not measured
anywhere. SPT data were measured in 182 geotechmical boreholes, but only eight of the boreholes 518
were drilled to depths of at least 30 meters. In contrast to the limuted depth and uregular spatial
distribution of geotechnical boreholes, water wells m the central Cache Valley are typically deeper
than 30 meters and are widely and uniformly distributed. Of 1,032 water wells m the area, 901 are
at least 30 meters deep. Therefore, we use water-well logs to determune the subswtace stratigraphy
of the upper 30 meters of so1l and geotechnical-boring logs to determine the relationship between
SPT data and subsurface stratigraphy. We then estumate SPT values for stratigraphic units in
water wells by correlation with Unified Soi1l Classification System classes i geotechnical
boreholes. This lmk between abundant water-well logs and the correlation between SPT data
and subswrtace stratigraphy m geotechnical boreholes, supplemented by surficial-geologic map data
(McCalpin, 1989, Lowe and Galloway, 1993; Evans and others, 1996; Solomon, 1999), enables us
to map soil-profile types.
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When usmg this map, several mportant qualifiers must be noted:
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. Although water wells are more widespread than geotechnical boreholes, geologic
mterpretations based on water-well logs are less precise than interpretations of
borehole logs. The use of water-well logs 13 appropriate only for regional studies
in areas where geotechnical data are sparse or lackmg Water-well logs should not
be relied upon for site-specific mvestigations (table 2).
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. Amplification by soft soils dummushes as the strength of ground shaking increases

(Building Seismuc Safety Council, 1997). Consequently, amplhification by soft
so1ls may be less durmg strong ground shaking generated by a nearby large
earthqualke, but could be significant for moderate ground shaking generated either
by a more dustant large earthquake or nearby moderate earthquake. However,
moderate ground shaking occurs more frequently than strong ground shaking, so
that areas on this map assigned a hugh amplification factor will be subjected to
potentially damaging ground motion more often than areas assigned a low
amplification factor. 13
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. This map does not address amplification of ground motion due to resonance. The 40

specific periods of ground motion that match the natural periods of a site can be
greatly amplified, and can be particularly destiuctive to structures whose natural
periods match those of the site (Rial and others, 1992).

. This map does not address amplification of ground motion near the fault causing
the earthquake due to near-fault rupture directivity. Sites near sutace traces of
active faults (the West Cache and East Cache fault zones) may be subject to
ground motions greater than anticipated. This effect 15 particularly significant for _ _ : _
structures, such as tall builldings, that are sensitive to long-period ground motions 4512 Ao ; Yo ™ : _' Fan, 517
(Somerville and others, 1997). T : 4% ‘ '

. This map does not address amplification of ground motion due to topography,
which can exceed amplhification due to soil conditions 1n some cases. High
amp lification 13 commonly experienced on hills, ridges, and the tops of cliffs
(Somerville, 1998).

. This map does not address amplification of ground motion due to three-
: : : : 480 0G0
dimensional effects, such as the focusing of energy due to the structure of the ——— _ | " |
earth's crust m the region, which can be as great as amplification due to soil 11 ; AR s i | VoG %G = ]

conditions (Somerville, 1998).

Amplified ground-motion hazards on this map retlect variations due to soi1l conditions,
which are applicable to most earthqualkes that will affect the region. Near-fault, topograpluc,
and three-dumensional effects are more dependent on the earthquake location and direction of |
selsmic-energy propagation. ‘

Surface Fault Rupture

oy
=

5
iz

During a large earthquake, fault rupture at depth may propagate upward and displace the

ground swtace, formung amam scarp and adjacent zone of deformation. The zone of E; o
deformation mcludes features such as ground cracks and tilted and downdropped blocks. Faults I:

that show evidence of repeated surface displacement durmg Quaternary (the last 1.6 mullion e

years), particularly Holocene (the last 10,000 years)., tune represent a potential hazard to :F’ |

development. Two fault zones n the central Cache Valley, the West Cache and East Cache fault a%

zones, show clear evidence of Holocene displacement. The Wellsville fault, part of the West o

Cache tault zone, bounds the west side of the valley in the Wellsville quadrangle (refer to the |

. . . . |

mdex map for quadrangle locations). The most recent surface-faultng event on the Wellsville i

tault occurred between 4,400 and 4.800 yvears ago (Black and others, 2000). The Junction Hills fault, %

also part of the West Cache fault zone, extends mto the western margin of the Newton quadrangle. *E[E G,
The most recent surface-faulting event on the Junction Hills fault occured between 8,250 and 8,650 i '
yvears ago (Black and others, 2000). The central sezment of the East Cache fault zone bounds the ‘

east side of the valley mn the Logan and southern Snuthfield quadrangles. The most recent surface- |

faulting event on the central segment occurred about 4,000 vears ago (McCalpin, 1994). The ‘

northern and southern segments of the East Cache fault zone bound the east side of the valley, |

respectively, m the northern Snuthfield quadrangle and on the southem edge of the Logan | Sy s T e

quadrangle. Although the northern and southern segments show evidence of Quaternary " bt b {5 g l o Sfe A ’1'-"-*-———— AL Lt I TTTORLRS e - B | .
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displacement, the most recent surface faulting occurred on the northern sezment at least 15,000 111752730 4 i B e AR W2 IPARADISE) 133 477307 W HARLWARE @aNGH lz M @ E. R 2k @ INTERIOR GEOLOGICAL SURVEY. ATSTON. {f AGINIA-1ean 21°37'30
years ago and on the southern segment between 26,000 and 46,000 years ago (McCalpm, 1994). B.P\’?* A3 7. E. 111745
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; _ : \ OO able 1. Ground motions an aracteristics o soil-profile types in the central Cache Valley, Utah. %,
This map shows taults with evidence of Quaternary switace displacement and special- T Table 1. G d-moki J-dk teristics o TIBC sail file t th iralitache Vallev: Hiah <
study areas associated with these faults. The special-study areas, extending 1350 meters on the o B %
downthrown side and 75 meters on the upthrown side from mapped fault traces, show areas S“ﬁP”ﬂ“ GramndMonon Ghardpienstics HORON

i R : : e ype Sources of Subsurface Data 2
withm which site-specific studies should be pertormed prior to development to evaluate Short Period (0.3 seconds) Long Period (1 second) Standard Geology =
earthquake history, characterize the zone of deformation, and determine fault setbacks. (el (typically affecting shart huillings ) Gypacally afecling fall huildings ) Epmairation =
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